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Vector Calculus 


Convert Between [ POINTS ] 

Cylindrical to Cartesian 

x = p cos 0 

Cartesian to Cylindrical 

p = V * 2 + y 2 

Spherical to Cartesian 

x = rsin#cos0 ;y = r sin 0 sin 0 ■, z — r cos0 

Cartesian to Spherical 

r = yX 2 + y 2 + z 2 ; 0 = cos -1 ; 0 = tan -1 

Convert Between [Vectors ] 

Cartesian-Cylindrical 



V 


a : 

a x ■ 

COS0 

- sin0 

0 

a r 

sill ^ 

cos 0 

0 

a-- 

0 

0 

1 

“ 





; y = p sin 0 ; z = z 

; 0 — tan -1 ^ ; z = z 


Cartesian-Spherical 



»r 

*0 

30 

»x- 

sin 0 cos 0 

cos 0 COS 0 

— sin0 

3y 

sin 0 sin 0 

cos 0 sin 0 

COS 0 

a : - 

cos 0 

— sin 0 

0 


Scalar triple product 


A.(B x C) = 


Xa Ya z a 
x b y e z B 
x c Yc *c. 


^Ic. pb ^ jLulIj y ‘-‘ (Jp jj-o 4 *0 uu> jLoj 

Jpjud-o 


A.(B x C) = B.(C x A) = C.(A x B) 


Vectortriple product 

A x (B x C) 

Lagrange’s formula 

A x (B x C) = B(A.C) - C(A.B) 

Jacobi identity 

A x (B x C) + B x (C x A) + C x (A x B) = O 


(A x B) x C = A x (B x C) - B x (A x C) 


























Gradienttheorem 


J 

1%T.d\ = T(b)-T(a) 

Divergence theorem (Green, Gauss) 


[ (v-V)dv = <f V.ofs 

J volume J surface 

Curl Theorem (Stoke) 


) 

f (v x V).cfS = (f V.cfi 

surface June 



Differential Element 

Cartesian 

Cylindrical 

Spherical 

dl = dx a x + dya y + dza z 

d! = d pa p + pd&a^ + dza z 

di = dra r + rdffae + rsin9d<pa$ 

dA x = dydza* 

dAy = dzdxay 

dA z = dxdya^ 

dS x = pdSdzsTp 
dS y - dzdpa^ 
ds z = pdpdSai 

dS r = r 2 sinB.d8dd>a^ 
dS<? = rsinO.drddao 
dS^ = rdrdda^ 

dV - dxdydz 

dV = pdpdtpdz 

t 

dV = r 2 sin9drd6d(j} 

Gradience (scalar): 


vf 


df _ df_ df\ 

^ + ^ a y + 


Div Laws (Vector) 


A . /9 D x dDy d DA 

div D = —- + —^ 

(rectangular) 

\ 3 A' dy 3 z ) 



Curl 


v X A = 


a x a y a z 

d_ d_ d_ 
dx dy dz 

_x A y A Z A 












































GRADIENT 


RECTANGULAR », + |' a,. * § a.- 




dv i dv av 

CYLINDRICAL VI — a; + —a,, + - a, 

up p wp a: 


SPHERICAL 


„„ av \av i av 

V V = — a, H —— a# H-:— 

dr r 69 r sin 0 6<t> 


DIVERGENCE 


„ _ 3O, 30,. 30 ; 

RECTANGULAR V • D - —- + —*■ + —^ 

dv dv d: 


CYLINDRICAL 


„ „ 1 3 . rY 130* 30- 

v - D= ^ ( ^' ,+ ^ + , 


SPHERICAL V.D = ii,rAl + ^ r ^ / a,: 


+ 


I 30* 


irsin 6 ikj) 


CURL 


„r, „ ,, dH. 3//,\ {OH, dIJ.\ fdHy a I A 

RECTANGULAR V x H = ( —- 1 a v + —- a, 4- —^ja- 

V 9y 0: ) \ !): dx ) V dv dy ) ' 

„ /I oh : 3HA (an p 3/4 

rj a " + 


CYLINDRICAL V x 


41 


1 M 3// P ] 

p L ¥J *' 


p(//*sin0) 

m] a +ii 

r 1 3 Hr 

acr/^n 

[ 90 

wr + r \ 

[sin 3 Otp 

3r J 


a,i 
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*■—■ t— *—* —* ’—* 

Case 1: A vector 
field with positive di¬ 
vergence but zero 
curl. 


A 

A 

A 

A 

H 

V 

V 

y 

Case 2: A vector 
field with nonzero 
curl (the curl vector 
points out of the 
computer screen), 
but zero divergence. 


T 



Case 3: An in¬ 
verse square field. 
Its divergence has 
a value and curl is 
zero. 



Case 1 

Case 2 

Case 3 

Divergence 

V.E * 0 

V.E = 0 

V.E * 0 

Curl 

Vx 1 = 0 

Vx£^ 0 

Vx E = 0 


gJLu SLga 2 U-llc- (jjijSh (jiil AJaHIi j Axa AS ja. ^ Jaaj Curl Jlj Div Jl AJLjla 4-u ^ij Jjilt 

Liijj djauaA ji curl U* ^ Div Jbui <joai CxzS Sjjil! t 

(jiuaLa CljvTift AjjLj J-uaiaA j <j*aau ^ui^LL jJ 1 £al| 























Symbol 

Name 

Unit 

Abbreviation 

V 

Velocity 

meter/second 

m/s 

F 

Force 

newton 

N 

Q 

Charge 

coulomb 

C 

r, R 

Distance 

meter 

m 

€0,€ 

Permittivity 

farad/meter 

F/m 

E 

Electric field intensity 

volt/meter 

V/m 

Pv 

Volume charge density 

coulomb/meter 3 

C/m 3 

V 

Volume 

meter 3 

m 3 

PL 

Linear charge density 

coulomb/meter 

C/m 

PS 

Surface charge density 

coulomb/meter 2 

C/m 2 

v|/ 

Electric flux 

coulomb 

C 

D 

Electric flux density 

coulomb/meter 2 

C/m 2 

S 

Area 

meter 2 

m 2 

W 

Work, energy 

joule 

J 

L 

Length 

meter 

m 

V 

Potential 

volt 

V 

P 

Dipole moment 

coulomb-meter 

Cm 

I 

Current 

ampere 

A 

J 

Current density 

ampere/meter 2 

A/m 2 

Pe^Ph 

Mobility 

meter 2 /volt-second 

rrr/V s 

e 

Electronic charge 

coulomb 

C 

o 

Conductivity 

siemens/meter 

S/m 

R 

Resistance 

ohm 

Q 

P 

Polarization 

coulomb/meter 2 

C/m 2 

Xejn 

Susceptibility 



c 

Capacitance 

farad 

F 

Rs 

Sheet resistance 

ohm per square 

n 

H 

Magnetic field intensity 

ampere/meter 

A/m 

K 

Surface current density 

ampere/meter 

A/m 

B 

Magnetic flux density 

tesla (or weber/meter 2 ) 

T (or Wb/m 2 ) 

P'0’ P 

Permeability 

henry/meter 

H/m 

<t> 

Magnetic flux 

weber 

Wb 

Vm 

Magnetic scalar potential 

ampere 

A 

A 

Vector magnetic potential 

weber/meter 

Wb/m 

T 

Torque 

newton-meter 

N-m 

m 

Magnetic moment 

ampere-meter 2 

Am 2 

M 

Magnetization 

ampere/meter 

A/m 

n 

Reluctance 

ampere-turn/weber 

At/Wb 

L 

Inductance 

henry 

H 

M 

Mutual inductance 

henry 

H 






Symbol 

Name 

Unit 

Abbreviation 

0) 

Radian frequency 

radian/second 

rad/s 

c 

Velocity of light 

meter/second 

m/s 

X 

Wavelength 

meter 

m 

rj 

Intrinsic impedance 

ohm 

Q 

k 

Wave number 

meter -1 

m" 1 

a 

Attenuation constant 

neper/meter 

Np/m 

P 

Phase constant 

radian/meter 

rad/m 

f 

Frequency 

hertz 

Hz 

S 

Poynting vector 

watt/meter 2 

W/m 2 

P 

Power 

watt 

W 

8 

Skin depth 

meter 

m 

r 

Reflection coefficient 



s 

Standing wave ratio 



y 

Propagation constant 

meter -1 

m -1 

G 

Conductance 

siemen 

S 

Z 

Impedance 

ohm 

Q 

Y 

Admittance 

siemen 

S 

Q 

Quality factor 








ELECTRIC FIELDS 


Columbs Law: 


P _ (Mi ) — __ (Mil 5 

4ne 0 R 2 4ne 0 R 3 


Electric Field Laws 


Point Charge 

Line charge 

Infinit line 


Q 

E = - v , R 
4ne () R 3 

E = 

0 

r pl<il __ 

4neoR 2 Ur 

p; PL — 

E — a R 

2ne 0 R 


Ring 

Disk 

Surface 

Infinite 

surface 

„ _ Po ah 

Z7 

E = — 
2e 0 

h 1 


r, f _ 

F - Ps 

h 3 a z 

2 e 0 (a 2 + h 2 ) 2 


2e 0 

V/i 2 + ff 2 - 

E J 4tt6 0 R 2 r 

Electric Flux - Flux densit\ 

f-gauss law 

/ 


ip 



d s 


D = eE 



E <JL D 


Electric Density (D) relations 


Point Charge 

Infinit line 

Infinite surface 

Cylindrical volume 

Q - 
D =M~ R 

4nR 3 

n Pl - 

° ~ 2nR UR 

Ps 

D = — 

2 

p < a 

n pv 

D = ~P 
p > a 

*(t) 

P 

Finite cylindrical 
surface 

Finite spherical shell 
surface 

Surface 

n Ps 

D = — a 

_ P _ 

ii 

Q 

f p s ds _ 

~ J 47tR 2 aR 


Dot form of charge density 


From green'sorgausstheorem 


L 


volume 


(V-V)dv = 


surface 


V.ds 


••• <$> D. ds = f V ■ D dv = f p v dv 

V ■ D — p v Maxwell's 1 st equation 











































Energyand potential 


W 


J r final 

q E.dL 

ini tin 


J initial 

Note : W AB = —W BA ; W ABCDA = 0 


Vab = 



E.dL 


§E-dL =0 

VxE = 0 

Maxwell's 2 nd equation ( assuming conservative system) 
$>E-dL = VxE=t 0 (non — conservative system') 


Potential difference Equations : 


Point Charge 

Absolute 

potential 

Line charge/Finite 

Infinite line 

Ring 

Vab 

q ri li 

v A = v Am 

Q 

y _ f PLdL 

J 4ne 0 r 

>/ P L i P B 

Vab = ~ In 

27te 0 p A 

V 

PL a 

4ne 0 r A r B \ 

4ne 0 r A 

Pl , L + y/L 2 +a 2 
= „ In 

ZTI€q cl 

2 e 0 Va 2 + h 2 


Equipotential surfaces : surfaces that has the same potential 


AV 

— — Potential qradient 
A L 

V = -f E.dL 
AV = -E AL 





A y \x& 


E = -VV 

























To move a charge from infinity to a point in the free space with other charges affect that point with a 

field 


W E 

W E 


n 

771=1 


rnYm 


E dV 


(/) 


w f = -d.e 


(m 3 ) 


2 

Electrostatic Fields in materials 

A A Wjoi AjIjIsjujI ciliuill (jl ci-atjCij i A j A A Wjuol dj\ Kuill ^n^'i LU£^qj 

^ juj^ 4 4 4_^.Luaa c dAl^joill ^ (jjSoJ LS ^ (J^al.j*AI 

p v ASAL 


i = 


At 

J = PvV d 


( divide by area ) 


conduction , convention ^ ‘ *jU 1I -sA^i 5 £jj ^ 

Ohm's Law 


J - gE 

V = —/ E. dL = E.L 

I V V l 

ohm s law J = gE => - = g — => — = —- = ft 

7 S L I gA 

V -f E. dl 
for non uniform V • R = — = 7 ——— 

I \mE.clS 

J s 

Field Effect on Dielectric Materials 



IfcJc. ^*^ C ' C-jUailiujI ^aJJ 


P = Xe Co E 
Xe = £r~ 1 


Dielectric Strenght: J4~> <Ja' 

D = eE = e 0 e r E = e 0 (1 + Xe) E = P + e 0 E 
JKL* <J JC- jIjaSI 

L$S^" s ^ 

\ g l U> Q*A i L' l ^Ac. •lie- 










Boundary Conditions 


Between 1- Dielectric-Dielectric 2- Dielectric-Conductor 



Figure 5.4 An appropriate dosed path and gaussian surface are used to 
determine boundary conditions at a boundary between a conductor and free 
space; E r = 0 and Dw — f>s. 


1- Dielectric-Dielectric 


Normal 

Tangent 

Gauss ( p s Cm Ls ic. Aiauill 

<$D.dS= Q enc 

D ln AS - D 2n AS = p s AS 

Din D 2 n Ps 

if Ps = 0 

Di n D 2n 

Ampere's law 
f> E.dL = 0 

Ah Ah 

- EitAw -E ln — ~ E 2n — - E 2t Aw 

Ah Ah 

+ E 2n^~ + ^2n ~2~ = 0 

El t = E 2 t 


2- Conductor-Dielectric 


Normal 

Tangent 

Gauss 

D. dS = Q enc 
• • D n — Ps 

o 

II 


Capacitance 



(( if E (electric field is uniform ))) 

9 W E 1 

z ; Energy Density — W — 










( ‘ Q ^ ^ W L * 

<jjjj aJLuxa ^ -yjA -\ 

J\jl\ Jc. -2 

__C 1 C 3 _ 

r C, + c 2 

(_$j\ jfi\ (^ic. Cjlaj^^ll 

Ct = C 1 + c 2 

<jjSj Cl-3 

Parallel plate-Coaxial ( cylindrical) -Spherical 

(Jjj-Vuxi^ (JjIa (_£ jl jJauujI CCadlj L (JSjuo j^^)J 




Parallel Plate : 



V= - E.dL 

Jd 

J r 0 ^ 

— .dL 

d € 

••• V = —d 

6 

. r = Q = Ps^_ = £^ 

v P^d d 

e 









Spherical 



r = 


o 


4~c, t r 

ttb = K't ~ I b = 


o 


o 


4^ M r 7 4 m<f b 


Q r h -r a 

4^'o V* 



Cylindrical ( Co-axial) 



























Magnetic Fields 


The Sources of Magnetic Field : 

1-Permanent magnet 2-Linearly changing electric field w/ time 3- a direct current 


Biot-Savart 


H oc 


R 2 


■ \9*\\ ( 






_ IdL x a K IdL x R 

A yi — _ £1 _ _ 

4nR 2 4nR 3 

The total current crossing any closed surface is zero. It is this 
current flowing in a closed circuit that must be our 
experimental source(ln a closed path), not the differential 
element. It follows that only the integral form of the Biot- 

Savart law can be verified experimentally,// = <J> 

(jjjjjj ^jy o jS( jLuiC' ^ mjJnl ixxitl (Jly xi !/^pi^I 

4 ^ H 4 H Ci T,l 

Surface current density : I = K * L ( uniform ) or I 
= / Kdl 
the same with 
IdL = Kds = JdV 


Free space 


(Point 1} 
d L, 



d H, 


/l<fLi X Bj,,; 
4.Tfi], 2 



H = 


f /CdS x a R 
' s 4nR 2 


L 


Jdv x a R 
4nR 2 


H from : 


Infinite Line 

Line 

H ~ 2np 

H = -— [sin(a 2 ) — sin(a 1 )]a7 

47rp r 


/ 

c 

f — r~“T 

a 2 \ \ 

x 1 ‘ 

#• 

a i / 

v V A a A 

a, \ A 

a jL-l _ _ _ 

B 



























H from Coaxial cable 


v ' 2 



Figure 7,8 (a) Cross section of a coaxial cable carrying a uniformly 
distributed current / in the inner conductor and -/ in the outer conductor. The 
magnetic field at any point is most easily determined by applying Ampere’s 
circuital law about a circular path, (b) Current filaments at p = pi, <f> = ±<p ^, 
produces H p components which cancel. For the total field, H — H^a^. 






Figure 7.9 The magnetic field intensity as a function of 
radius in an infinitely long coaxial transmission line with 
the dimensions shown. 





































zaxis 



H =K a Po a (inside toroid) 

a p v 

H = 0 (outside) 

(a) 


z axis 



(b) 


Figure 7.12 (a) An ideal toroid carrying a surface current K in the 
direction shown, (b) An AMurn toroid carrying a filamentary current /. 


H from a troid 











271 ■ held? 


PI^n-T.Y PwEnjmpJe 7.4 :ct™- wcliun 
Of 



Su-hiliun; 

(.'tf flStdff rlW tftfO&S Maianif iflC wlwid M shown in Figure 7.9. Siime Ibe KilcmiiJcL* 
suls of Li ran lax Lrxips. w* apply IhC ilmj] 1 oriijuiiiplc T.3. TTif- CCKritUJiitfin 10 ihf m^g.n(iK 
ns-lil H ul JP by » <-Jhtt«t1 ix lbs mleniiiil of bnclK Jr is 

tiitfi r _ Aa z ja Jr 

= “ M? " a^+T'F 


where Jj' - ji dz ■ iliWi j Jt Frimn Figure 7 . 9 . lun fl - a.'';: Ihul i>„ 


Jr - —Lpciwct" 0 J® 


I-' 1 ;| " I 


iiritf rtf 


Hora^ 


nr 


Thus- 


Jfl. - T sin # ziV 

_ j i* 1 ' 

, = -y | lintfitf 


H = — r?2 - Drm 0|)«. 

jjk ru-quired. SuhKilulinj." - A'Tf ^i^s 
■W 

H — “ (££n P; - C4ti iV|J i- 


Ai ihe ueMet erf [he ^enond, 


CCA = 


tvj_ 

| a* +■ f^J 14 


-lisgG, 


LOll 


M 


2 |o' + f'rt I 1 ' 


El - iJj. - 


.%V 

7" 


Iff *■ anr#, = &=■..#, = ISI=. 



Force from a Magnetic Field and Electric Field 


As shown from the direction of H the Force from a magnetic field is in Right angle with 
the velocity of the particle 

Which means : Magnetic Force can never change the velocity of a moving particle; this means 
that magnetic field is incapable of transferring Energy to the moving charge 

F e (Electric Force) = QE 
F m (Magnetic Force ) = QV x B 
F to tai(Superposition force ) = Q(E + V x B) 

Notes : a large number of very small forces dF = dQ V x B can cause electrons to shift slightly 
and then the conductor as a whole , it causes displacement in center of gravity between +ve 
and -ve charges sothe columb (electric ) force tend to resistthis displacement 


What's Current sensor (Hall Voltage) 


It's a method to differentiate between the 
electrons and holes current by comparing their hall 
voltage in whats called current sensor this helps to 
determine if the semiconductor is n-type or p-type 




The charge separation that does result, however, is disclosed 
by the presence of a slight potential difference across 
the conductor sample in a direction perpendicular to both 
the magnetic field and the velocity of the charges. 

The voltage is known as the Hall voltage, and the effect itself 
is called the Hall effect. 



+ 


/ / / 





/ y 



/ 

© 






Force on a current-carrying conductor 


J = p v v and Q = p v dV 

dF = dQ vx B = p v dV — x B =JdV x B = (J x E )dV 

Pv 

the same dF = (J x B )dV = (K x B )dS = (/ x B )dL = IdL x B 


F = 
F = 



(KxB )dS 


B x dL = I Lx B 


|F | = BIL sin(0) 


We can express Force between 2 current elements without the magnetic field but it will be 

complex as follows: 


_ _ _ /1 (/ L , x a 

from ■ dF = I 2 dL 2 x B & dH = 


F 2 — p 0 


V2 

47T 


j[ dL 2 x j 


4nR 2 

dL 1 x 


R 7 


] 


- &B = p 0 H 
( very very complex ) 


NOTE : the total force on a closed current loop in a uniform = 0 






TORQUE 


T = RxF 


For a closed loop 

dT = IdS x B 
define dm = IdS 

dT = dm x B (dipole moment A.m 2 ) 

T = mx B = IS x B 

The torque direction is that to align the magnetic field produced by the loop with the applied 

magnetic field causing the torque 


^.jLk 'jlajfl JaaLaJ I olajl (j t '' r s^jl-JJ (JiLoJ sl^ail (jjll^a. (jj^)la^]V I ^)jlaaaA 4-ijLaxi 

Jlaall slajl si_jj]l jsj (Jjlaj ' gj 1-1 ii a Jlaa ijjA s-j jj» ■ — 'I CliUj jjSTJ I 4£_)a Lij jLull (jl j »■ iuA o Ji 

(-ka ^^Jc. — ! IjjLjaJ jl - (j^a*j jJC-LuUj sligned IJaJ ( _ s a.jLaJI 


m 


I 


‘ _ I^J 

l^Aalj (Jla-o ClAj j j'XlV I jl t -UxjU o jLoil ^^)l_a<i*a ^}j£l jofLl& s jLoil (Jalj ^ . *ujal jk ^1' (Jl s 

M i a l * itl > n > ,<*1 1 i _ W -|- 9 x 10 24 Am 2 lsj U-uj (jjjS^l^l ^lispin magnetic moment J' -2 

^jUii JM' 

<Lu£a1I jjc. 4_i^.jLaJ! lIjIjIaaII J Jl! CjU jjl&lV! iasa ^aLolL Jl! CjU jjl&lV! -3 

fi^Lol! ^ (j! ^ > Vi * *1 j Jl! ^ .all C1 j!^)j^ j ^£l! l^jjl (jji Jl! ^»2/l£l! (_)£ IjuJa -4 

Jc. jjIIj l^Kj cjUjujV moments <oLal! <jV !^ jjjj»-« a $.^ua Jl! j ciAjjji&M! 

gJIsJj J JlkAj V MR|J' ^alxl! (JjjLujVI jA g^ (_3j^ Jl! jaJjoLillI j! V! A j x Jal lx *11 G^Lal! c. <aj‘i j^aJ 


















Types Of Material 


IiLa Ailaj Jdilj4 CliLaj^ll CluLS 1 j| i t ^ic. S\ j^ll c (jfLaj 

Table 8.1 Characteristics of magnetic materials 


Classification 

Magnetic Moments 

B Values 

Comments 

Diamagnetic 

m 0 ,h + m S p in = 0 

^int < ^appl 

^int = ^appl 

Paramagnetic 

m 0 ,b + m sp i n = small 

^int > ^appl 

^int = ^appl 

Ferromagnetic 

1 ITtspin 1 ^ 1 Hlorb I 

^int ^ $appl 

Domains 

Antiferromagnetic 

1 ntspin | ^ | Hlorb 1 

^int = ^appl 

Adjacent moments oppose 

Ferrimagnetic 

1 m spin 1 1 m orb 1 

^int > ^appl 

Unequal adjacent moments 
oppose: low a 

Superparamagnetic 

1 mspin 1 » |m 0 ,bl 

^int > ^appl 

Nonmagnetic matrix; 
recording tapes 


CjiI^jLjj 3 c —^ (jil 

H. dL = I UJ^ C5^J ^ a£ JC- £CjU <3jLdl jAj / -1 

j> M.dL = I B '»4 I (j& jlij I b Bound charge J u=- ^'4' -2 

$ f—J .dL = I T uj^* l>j I T = I B +1 £ - 3 


<UslA o^C. L^ia 

B 

— = M + H .-. B= n 0 (H + M) 
Bo 

§ M.dL = 1 B = f J B ds ••• V x M = f B 
J s 

§ H. dL = 1 = f Jds :. Vx/7 = J 

's 

§ (~) -dL = I T = f J 7 
V*(K J C 


_ B 

ds .-. V x — = / 7 


Mo 


where M = atoms/m 3 * (dipole moment /atom) = 


B 

Bo 


( Xm \ 
\1 + J m / 














For Linear isotropic material (if x m magnetic susceptibility ) M = x m H 
••• B = H 0 ( H + Xm H ) = ho (1 + Xm)H = n 0 n r H where ^ = (1 + j m ) 
define /j. = jU rJ u 0 
t/ren B = /J.H 


Generally : 


for homogeneous, linear, isotropic magnetic material that may 
be described in terms of a relative permeability ^, r 


~b; 


'H/ 

By 

= h 

Hy 

[b z \ 


[Hz\ 


For anisotropic materials 


B x 1 


Mxx Mxy Mxz 


rw/i 

By 

= 

Myx Myy Myz 


Hy 

&z_ 


ji Z x l l zy Mzz_ 


Hz_ 


tensor 












Boundary Conditions 



Normal 

Tangent 

B N1 — B N2 

B\B N i = l^z Hn 2 
t i \M Ni _ ^2^N 2 

Xml X m2 

Hn ~H a =K 

(// t l — // t2 ) X fl W12 — K 

(Ht i 7/ t2 ) = K x Q-N 12 

Bfl _ ^_t2 _ K 

Hi H 2 

^ti M t2 _ k 

Xml Xm2 

Where K (surface current) 

K = 0 if either materials is conductor 


MAGNETIC CIRCUIT 


Ajjj^I djV aL*_a]I AjjULa ^ja Jj^dlSI ^ja \ ^ (jxaAli lia.1 (_£A Ad^JI LatjJa 

]aa3 djLo jULa j j a \. >1 ^ jLu dll j 4-lj^^S o ^>jI- ii A j > ha Lai jjt all o^jjl^ll L-lijil LiJC-LuUJ ^111 j A-IwuIsLIslaIIj 


MAGNETIC 

ELECTRIC 

1- H = - V V m 

1- E = -VV 

2- V mAB = /; H.dL 

2- V AB =/; E.dL 

3- B = /J.H 

3- J = &E 

4- <p = f B.ds 

4- 7 = f J.dS 

5- F m = 0 3i 

II 

i 

LO 

6- 9? = — 

6- R = — 

HA 

crA 

7- §E.dL = 0 

7- § H.dL = NI 

8- W = i f D.E dv 

2 J v 

8- M7 = - f B. Hdv 

2 J c 

If _ 1 fB 2 

14/ = - I /. iH 2 dv = - I — dv 

^ •'17 ^ ■' v H 


















Magnetic 

Electrical 

Mmf = NI — <pR — HI 

Emf = V = IR 

l 

R ~pA 

M Mo Mr 
p 0 — 4nx 10 -7 

l 

r = 1Ta 




Air 

[Lp 2 mm 


R core 

-AAV--1 



" 1 


R air gap 




Inductance 


Flux Linkage (A) : the total flux linking the turns of a coil A = N<p 

winding factor J U Jjj <_« JjVl ^ <_£ flux linkage Jl 

^Jaiuull <^3 ILlII and pitch factor 

Inductance ( L):the ration betweenthe flux linkage and the current it's linking 

H <JI ' c" ^J) tj jl Cjlilll 33c. 3l j LalS j^jlill CliaJI 3ljjj 

Inductance For a coaxial cable 
a < p < b 


H 


= B = ^ ~ ^ = I B - 


2np 

d rb 


ds 


0 


-J7 

J 0 J a 


p 0 I p 0 Id b 

- dp dz =-In — 

2np v 2n a 


Ncf) p 0 b 

L = - = (per meter lenght ) = — In - 

I 2n a 





































Mutual Inductance 
The mutual flux linking two coils 
At 90° between coils it is M =0 
At 0° between coils it is M max 


^12 ~ M 2 1 


^1012 _ ^2021 


(H) 


Time Varying fields 


As we know magnetic field varying with time can produce current 

deb 

emf = —N — 

J dt 


(the -ve means that the flux act to produce an opposing flux (lenz 1 s law)) 

We can have — by 

dt 1 


1- A time-varying flux with a stationary current path 

2- A relative motion between the a steady flux and closed path 

3- Combination of the two 
Kirchoff's Law 


^ - *3 jLuUJ (JjlsLA Jf\ t il A A ]l A L. -*"■ ^ - i ^jl J jklJ U£ DC- > -’ll ^alji jjLcJ) 

$ E.dL = 0 


■ ^ 0 = 4 Wnn^ 0rnf JjJ 4-L^. ^ 

— — = — — J B. ds 2 ^ -1 

dt dt s 

— = ijjjj = v X B jail (jc. gjU -2 


em/ = 0 E.dL = J — — ds = j) ( v x B 


)dL 


transform voltage only emf = § E.dL = J(V x E) ds = J — 


dB 

dt 


ds 


_ _ dB 

••• VxE = - — 
dt 


Motional voltage only emf = $E.dL = j)(vxB )dL 


til 








Displacement Current 

ijlljiLij j <j' USj ^jIjj A_i3 fjjZijAAi a i. _9j£*o!I (jl (Jjiij U£ ^Ljl (jLa^j 

j> H.dl — 1 or Vx//=/ 

Displacement Current l d Jl j* j (> o 3 *'- 5 timed varying fields J 1 gjAaLJ! m 


§H.dl = I+I d =/ + ds or Vx//=/+/ d = / + 


dD 

dt 


— oJ ^SjSjuij 


C = — ;V = J E.dL = Ed 

d J 

dv eA dE dE dD 

■■■I=JA = C— = — *d*— = e— * A = — *A 
dt d dt dt dt 


dD 


dE 


Jd dt e dt 



MAXWELL EQUATIONS 


Differential Form 

Integral Form 

- - SB 

Vx *=“aF 

j> E.dL= - 

fdB 

U ds 

- - . dD 

VXH=; + - 

) 

f H.dL = 1 + 

fdD 

U ds 

V.D =p 

] 

\ D.ds = 1 

S h 

p v dv 

> 

V .B = 0 

( 

u 

> B.ds - 

S 

= 0 


Auxiliary Equations: 

D = eE D = e 0 E + P P = Xe^oE 

B = mH B = m (H-M) M = Xm H 

J = crE J = p v V 






























1.27. The surfaces r = 2 and 4, 9 = 30° and 50°, and (p = 20° and 60° identify a closed surface, 

a) Find the enclosed volume: This will be 


r 60" r 50 p 
J 20° 730° 72 


Vol 


r z Sill 9drd0d<j> = 2.91 


where degrees have been converted to radians, 

b) Find the total area of the enclosing surface: 


r60° f5Q° 

rea = j f (4 2 + 2 2 ) shiOdOdtp + 
J 20° 73i 


Area 


/3G* 


n 60 ( 

r (sin 3 0° + sin 5 0° )drd<p 

0 


20 * 

^50° f4 

+ 2 / / rdrdO = 12,61 

730° 72 


c) Find the total length of the twelve edges of the surface: 


I’ 4 /* 50° ^ 60* 

Length = 4 / Jrf2 (4 + 2)d9 + / (4 sin 50° + 4 sin30° + 2 sin50° + 2 sin 3Q°)d<p 

J 2 730 * 720 ° 

= 17.49 


1.27. (continued) 

d) Find the length of the longest straight line that lies entirely within the surface: Tills will be from 
A(r = 2, 9 = 50°, 0 = 20°) to B(r = 4,0 = 30°, 0 = 60°) or 

A(x = 2 sin 50° cos 20°, v = 2 sin 50° sin 20°, z = 2 cos 50°) 


to 

5(x = 4 sin 30° cos 60°, y = 4 sin 30° sin 60°, z = 4 cos 30°) 
or finally A(1.44, 0.52, 1.29) to 5(1.00, 1.73, 3.46). Thus B - A = (-0.44, 1.21, 2.18) and 


Length = |B - A| = 2,53 
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© M/ = Qe^c O . <Ts 

( 3 ) c !' - Qe^c -[^ dv ; Jv,^.0 | 

Jl^_-Jl |^D v> oL^I 

CcampLe ; D ; (H , 3^ ,2X') 

' ^ < < 2 

2 .4 1 $ 3 

3 « 2 < ^ 

P„vd V . 

^o.l : M* -.^ 3 . C_ 


9 ^ 


E*Cunp Ls 3 £T = - 2Xj Aj ifl} 

Q = 6 C. 
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fin d V\I ^ _. — " 

i a / = _ o r c- dt 
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